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ABSTRACT 


It  is  apparent  that  when  an  anaesthetized  amiraad  undergoes  forced 
ventilation,  the  dttration  of  subsequent  aprea  is  influenced  by  the 
con^josition  of  the  Inspired  air.  The  high'ir  the  oxygen  concentration 
of  the  inspired  air,  the  longer  the  period  of  apnea.  A small  concentra- 
tion of  carbon  dioxide  in  this  oxygen,  however,  will  shorten  the  period 
of  apnea.  Likewise,  experiments  performed  at  simulated  altitudes  show 
a decreasing  period  of  apnea  followir^  forced  ventilation  with  ambient 
air  at  decreasing  pressure  altitudes.  These  results  are  discussed  in 
the  light  of  various  theories  proposed  to  explain  the  chemical  regula- 
tion of  breathing. 
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lOTRCDUCTION 


A worker  in  the  field  of  respiratory  regulation  is  ccufrcntsd  with 
many  difficulties  and  one  of  these  is  that  while  various  factors  act  in- 
dependently to  control. breathing,  any  change  in  one  of  factors  rosy 

bring  about  changes  in  the  others.  Gray  (l)  has  done  much  to  define  the 
role  played  by  various  factors  in  respiratory  control,  but  not  all  in- 
vestigators have  accepted  his  multiple  factor  theory  as  an  exclusive  ex- 
pleination  for  the  regulation  of  pulmonary  ventilation. 

Apnea  presents  an  interesting  condition  from  the  standpoint  of  res- 
piratory regulation,  for  ile  it  is  caused  primarily  by  lowering  of 
carbon  dioxide  tensions,  the  two  chief  respiratory  stimuli  are  both 
changing  progressively  during  the  apneic  phase.  Carbon  dioxide  tensions 
are  rising  and  oxygen  tensions  falling.  At  some  point  one  or  the  other 
or  both  of  these  stimuli  must  reach  a threshold  value  for  their  respec- 
tive receptors  and  then  breathing  resumes.  This  situation  is  also  un- 
complicated by  alveolar  exchange.  Thus  this  experimental  approach  to 
the  stiidy  of  respiration  is  some'vdiat  unlike  that  customarily  employed. 

No  physiologist  will  question  the  advantages  of  having  an  animal  in 
a steady  state  during  experimental  investigations  of  physiological  pro- 
cesses, particularly  those  involving  respiration.  Hov«ver,  animals  in 
their  normal  life  probably  only  approach  the  steady  state,  so  far  as  res- 
piration is  concerned,  when  they  are  asleep,  or  while  they  ore  under  con- 
trol of  the  experimenter.  Perhaps  something  can  be  learned  by  studying 
respiratory  processes  dur.ing  transitory  states.  Hie  folloviing  study  was 
attempted  in  order  to  make  a different  approach  to  the  problem  of  control 
of  breathirig.  The  results  are  not  very  conclusive,  but  it  is  hoped  that 
they  will  serve  some  useful  purpose. 

Douglas  and  Haldane  in  1909  (2)  in  their  discussion  of  the  causes  of 
periodic  Cheyne-Stokes  breathing  report  that  they  found  higher  then  nor- 
mal carbon  dioxide  tensions  in  subjects  breathing  high  oxygen  concentra- 
tions. Haldane  (3),  however,  states  that  the  duration  of  apnea  following 
forced  breathing  was  related  only  to  the  reduction  carbon  dioxide  percent- 
age of  alveolar  air.  Gesell  (4)  states  that  "Hypoxia"  has  modifying  effects 
upon  eupneic  breathing  and  seems  to  imply  that  hydrogen  ion  concentration 
is  the  principal  driving  force  in  the  restoration  of  breathing  from  the  a.p- 
neic  state.  Hahn  and  Fenn’s  (5)  "Oxygen-Carbon  Dioxide  Diagram"  has  been 
found  very  useful  in  plotting  data. 
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Figure  1.  represents  schematically  the  breathing  pattern 
obtained  during  these  studies.  in- 

dicate the  points  where  blood  samples  were 
taken.  The  period  of  time  between  32  and  S3  is 
called  the  duration  of  apnea. 
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PROCEDURE 


Tventy-tvo  mongrel  dogs  ranging  in  vaelght  from  12  to  IC  Kiiograiss 
were  tjsed  in  these  investigations.  Each  dog  was  kept  under  obseirvation 
for  several  days  previous  to  experimentation,  snd  every  dog  was  considered 
to  be  in  good  condition.  No  postmortem  examination  indicated  otherwise - 
These  dogs  were  anaesthetized  by  intrape  boneal  injection  of  55  mg  of 
Dial  in  Urethane  (Ciba)  pe:  Kilogram  of  body  weight.  A tracheal  canula 
especially  constructed  to  contain  a ’./ire  cloth  flow-meter  capsule  for  re- 
cording I'e spiratory  flow  patterns  and  intratracheal  'pressures  was  insert- 
ed in  the  tracliea.  A ”T"  shaped  canxila  was  inserted  into  the  right  conmion 
carotid  artery.  This  canula  permitted  normal  flow  of  blood  to  the  head 
and  made  it  possible  to  record  blood  pressiire  continuously.  HLood  samples 
were  v.dthdrawn  from  the  side  tube  connected  to  the  blood  pressure  trans- 
ducers. An  indvrelling  catheter  wes  placed  into  the  left  jugxiJ.ar  ’/ein  in 
svich  a manner  as  to  allow  unobstructed  blood  flow.  The  dead  air  of  re- 
breathing space,  while  not  especially  important  in  t^.s  investigation,  was 
kept  small  — approximately  50  milliliters.  Dogs  were  heparinized  idien 
surgery  vreis  completed.  Blood  pressures,  intratracheal  pressures  and  res- 
piratory breathing  patterns  were  recorded  photographically  on  a Miller 
Oscillograph  by  use  of  Statham  transducers  and  appropriate  amplifiers. 

Hyperventilation  was  accomplished  by  use  of  a Palmer  variable  stroke 
"Ideal”  respiration  pump.  The  stroke  was  adjxisted  to  the  size  of  the  dog 
and  ranged  from  40C  to  500  milliliters  with  a speed  on  33  strokes  per  min- 
ute. Forced  breathing  for  a period  of  six  minutes  was  used  and  continuous 
oscillographic  recordings  vjere  made  throughout  each  experiment. 

Blood  samples  were  dravn  simultaneously  from  the  carotid  and  jugular 
vessels  before  and  at  the  end  of  forced  ventilation,  and  again  at  the  re- 
sumption cf  breathing  following  the  apneic  period  (Fig.  l).  Ihe  type  of 
oscillograph  (M.ller)  used  mace  it  possible  to  observe  •visually  the  res- 
piratory e-vents  and  to  know  accura-tely  the  moment  when  apnea  •was  o-ver. 

The  operating  table  on  vhich  dogs  were  tied  was  placed  inside  an  Air 
Fores  low  pressitre  cheimber.  Obser'vers  wore  A-13  oxygen  masks  dxjrii'ig  the 
sLmulated  flights.  Observations  vrere  made  at  ground  lewl,  760  mm  Hg; 
10,000  feet,  523  mm  Hg;  20,000  feet,  349  mm  Hg;  25,000  feti  , 282  ram  Hg; 
and  30,000  feet,  226  ran  Hg.  Then  the  gro-und-lsvel  observe.tlon.';  v«re  re- 
peated, Ir.  one-half  of  the  experiments  the  -tests  were  maris  in  tlie  abjove 
order  and  the  other  half  in  the  reverse  order. 

Dogs  Ijreathed  air  mixed  with  oxygen  during  ascent  and  descent,  but 
wBi-e  hyperventilated  with  ambient  air  or  known  gas  mixtures  during  actml 
observations.  This  procedure  preven-ted  cbironic  hypoxia.  About  f if -been 
minutes  elapsed  bet\.ieen  each  test.  In  these  experiments  each  dog  served 
as  Ills  own  con'trol.  No  anaesthetic  vas  administered  after  tests  began. 

The  rectal  temperature  of  each  dog  was  kept  at  38°C  bj'  anpi'opriate  warming 
de-vices.  The  arterial  oxygen  saturation  was  determined  at  the  heginning 
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and  end  of  each  set  of  exDeriimintc,  as  evidence  of  the  satisfactory  physio- 
logical state  of  the  dcg- 

HLood  samples  yere  analysed  in  the  following  manner:  Each  sample  was 

kept  under  mercury  and  analyses  were  made  \dthin  a few  minutes  of  blood  with- 
drawal. The  oxygen  and  carbon  dioxide  content  of  each  sample  was  determined 
use  of  the  Van  Slyke  raanometric  gas  analyser  by  well  known  procedtires. 
Total  hemoglobin  was  determined  "by  converting  hemoglobin  to  raet-cyan  hemoglo- 
bin and  reading  the  concentration  on  an  Evelyn,  photoelectric  colorimeter. 

The  factor  -of  1,36  was  used  to  calculate  total  hemoglobin  oxygen  capacity. 
With  appropriate  correction  for  dissolved  oxygen  the  percentage  oxygen  satu- 
ration of  hemoglobin  was  determined.  The  pH  of  each  saraple  was  determined 
by  use  of  a Cambridge  instrument  Company  research  type  glass  electrode  pH 
meter.  Temperature  corrections  were  made  from  Rosenthals  (5)  equation  and 
the  carbon  dioxide  pressure  calcialated.  All  gas  compositions  reported  were 
determined  by  use  of  the  standard  Haldane  gas  analysers. 


RESULTS 


The  res^llts  of  these  studies  are  summarized  in  Tables  I and  II  and 
Figiures  2-6.  The  first  series  of  experiments  on  eight  dogs  was  done  at 
ground  level  and  those  of  the  second  series  of  eight  dogs  were  subjected  to 
simulated  altitudes.  In  addition  to  data  shown  in  the  i] lustrations  and 
tables,  a few  teats  were  made  at  grovtnd  level  in  which  carbon  dioxide  was 
added  to  gas  mixtures  vised  in  forced  ventilation.  It  v»as  found  that 
of  cai'bon  dioxide  In  the  inspired  air  prevented  annoa  from  follovring  forced 
breathing,  A uniform  time  of  six  minutes  hyperventilation  was  v’aed  in  ell 
tests.  Time,  blood  pressure,  end  the  breathing  pattern  were  recorded,  bum 
since  they  fall  viithin  the  normal  range,  results  are  not  reported  quantita- 
tively. Blood  analyses  also  shoved  that  no  significant  hemoconcentration 
occurred.  One  dog  found  to  be  anemic  was  discarded  before  any  tests  were 
made,  but  all  other  animals  had  oxygen  capacities  within  the  normal  range. 
In  most  of  the  i] lustrations  mean  or  average  values  are  plotted,  although 
all  data  have  been  statistically  analysed.  No  data  have  been  discarded  in 
plotting  cvirves  or  interpreting  results.  It  was  noted  that  resumption  of 
breathing  always  began  in  the  inspiratory  phase. 


Results  reported  here  must  be  viewed  with  certain  qualifications.  For 
example,  it  has  been  well  established  that  respiration  of  the  anaesthetized 

•>  J - i j 1 xi__  .n ..X.?-.,.  . X*  T j ^ 

tuixiutu.  xs  xiixxuicuucu  uiiu  ui'CJCdoaiio  uai.  ux Cf ui  cl v3 S • X71 

Urethane  is  no  exception,  thus  care  was  taken  to  produce  as  light  anaesthesia 
as  was  compatible  with  the  surgery  involved.  It  was  also  susoected  that  there 
are  accrjnulated  effects  of  forced  ventilation  on  acid-base,  fluid,  and  elec- 
trolyte balance  of  the  experimental  animals.  For  this  reason  only  a lim‘ ted 
number  of  tests  were  -nade  on  each  animal  and  the  order  in  I'hicb  each  test  was 
made  varied  according  to  a pattern  so  designed  as  to  make  results  in  experi- 
ments comparable  vd.th  each  other.  Each  animal  served  in  a v»ay  as  his  own 
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Table  I 


Dturation  of  apnea  in  eight  ariaesthetized 
dogs  following  six  minutes  of  forced  vejntila- 
tion  with  various  oxygen  mixt',n:es  at  grovind 
level. 


Oxygen  mixtures  D\n*ation  of  apnea 

(with  nitrogen)  in  seconds 


Mean 

and 

SD 

10^  O2 

23 

± 

7 

2156  02 

55 

± 

U 

100^  02 

U9 

± 

33 

Table  II 

Sho\.dng  the  relative  increase  In  carbon  di- 
oxide pressure  between  arterial  and  venous  blood 
the  percent  oxyhemoglobin  In  carotid  blood  at  the 
time  of  rcsuaptlou  of  breathing  following  forced 
ventilation  at  various  simulated  altitudes. 

Simulated 

altitudes 

Arterial 
56  HbQj 

A-V 

pC02  ram  Hg 

GL  (100^  02) 

96 

7 

GL  (21^  Cb) 

56 

9 

10,000  feet 

56 

11 

20,000  feet 

51 

12 

25,000  feet 

38 

12 

30,000  feet 

30 

15 
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control.  Continuous  blood  pressure  records  were  made  and  also  the  degree 
of  arterial  oxj'gen  saturation  followed  to  determine  the  physiological  con- 
dition of  each  animal.  Both  of  these  factors  were  \riLthin  the  normal  range 
custonuu!*ily  considered  normal  for  experimental  work.  Hien  too,  there  al- 
ways exists  the  possibility  that  mongrel  dogs  may  have  pathological  con- 
ditions which  interfere  with  normal  processes.  Each  of  the  dogs  used  in 
these  stTidies  was  examj.ned  for  gross  pathology  and  none  was  observed  that 
was  considered  to  have  affected  the  results  recorded  or  otherwise  worthy 
of  mention. 

In  Table  IT  the  difference  in  carbon  dioxide  pressure  between  carotid 
and  jTJgnlar  blood  is  shown  to  vary  some  with  the  altitude  at  which  ventila- 
tion occurred , The  average  of  all  carbon  dioxide  arterial-venous  differ- 
ences was  found  to  be  11,2  mm  Hg  with  a standard  deviation  of  ±4t6  mm  Hg. 

The  fact  that  greater  differences  were  found  at  lower  percent  oxyhemoglobin 
levels  and  lesser  differences  at  higher  percent  oxyhemoglobin  levels  wotild 
seem  to  indicate  that  a change  in  blood  flow  to  t>-‘i  head  occurred  during 
the  period  of  apnea.  The  higher  rate  of  blood  flow  probably  occ*arred  vdien 
the  percent  oxjdiemoglobin  in  arterial  blood  was  high  as  a result  of  a con- 
comitant high  carbon  dioxide  pressure  in  arterial  blood  which  built  up 
during  the  longer  period  of  apnea. 

In  Figure  4 it  can  be  seen  that  the  percentage  oxygen  saturation  in 
carotid  blood  at  the  end  of  apnea  bears  a linsar  relationship  to  carbon 
dioxide  pressure  and  that  the  values  obtaixjed  for  normal  blocxi  on  the  same 
animals  before  hypcrprlea  are  approximately  on  the  same  line.  It  can  also 
be  seen  that  the  standard  deviation  from  the  mean  for  percent  oxyhemoglobin 
is  greater  at  the  low  oxygen  concentration,  while  the  standard  deviation  is 
less  for  carbon  dioxide  pressure.  The  reverse  is  true  for  hi^  oxygen  con- 
centrations. This  seems  to  indicate  that  carbon  dioxide  exerts  a more  criti- 
cal influence  at  high  oxygen  saturations. 

In  Figure  6 mean  oxjjen  saturation  values  are  plotted  against  their 
mean  carbon  dioxide  pressure  values  for  both  carotid  and  jugular  blood. 
Samples  were  taken  at  the  end  of  apnea  at  the  simulated  altitudes  previously 
described.  It  will  be  noted  that  except  \dien  100^  oxygen  was  used  as  the  in- 
spired gas  during  hyperpnea,  the  percentage  oxygen  saturation  of  cfsrotid 
blood  varies  in  a linear  relationship  with  carbon  dioxide  pressure.  This 
was  not  trx»  with  jugxolar  blood,  wAiere  at  the  upper  part  of  the  curve  the; 
carbon  dioxide  pressure  vaT.ues  are  influenced  by  a higher  blood  flow,  while 
at  the  low  oxygen  saturations  an  imcompensated  metabolic  acidosis  may  have 
developed. 

It  may  be  of  interest  to  note  that  >.dien  forced  ventilation,  using  100/t 
oxygen  as  the  inspired  gas, wus  carried  out  at  simulated  altitiides  of  25,000 
feet,  results  v«ere  similar  to  those  obtained  in  experiments  perforn»d  at 
ground  level. 
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pCOz  (C4ROTID  BLOOD)  ^ 


Figure  2, 

Shows  the  oxygen  satura- 
tion of  carotid  artery 
blood  at  the  end  of  apnea 
following  six  minutes  of 
forced  ventilation  at 
ground  level  with  10% 
oxygen^  A;  21^  oxygen,  Dj 
and  100%  ooqrgen,  C,  lliepe 
are  average  values  for 
eight  dogs.  A "control 
breathing"line  represents 
the  average  oxygen  satura- 
tion of  arterial  blood 
taken  at  !)• 


Figure  3. 

Shows  the  carbon  dioxide 
pressure  of  carotid  »+•- 
tery  blood  of  samples 
taken  at  Sn  "control 
breathing"};  S2  (end  of 
forced  breathine);  and 
S3  ^nd  of  apnea} . Point 
A is  average  carbon  diox- 
ide pressure  at  the  end 
of  apnea  following  forced 
breathing  with  10%  oxygen; 
B,  with  21%  oxygen,  C with 
100%  oxygen,  respectively. 
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Figui*e  4. 


Shows  the  relationship  between 
the  percent  oxyhemoglobin  and 
carbon  dioxide  pressure  fotind 
in  carotid  blood  at  the  end  of 
apnea  follo\^ing  forced  ventila- 
tion with  10^  oxygen;  21;«  oxy- 
gen and  100^  oxygen  at  ground 
level.  These  are  results  with 
eijiht  dogs  and  the  mean  values 
are  at  the  intersections  of 
standard  deviation  values  for 
percent  oxyhe7noglobin  and  car- 
bon dioxide  pressure.  The  nor 
mal  values  of  blood  samples 
taken  at  (Fig.  l)  are  also 
shown. 


'i. 


60^ 


50-H 


40+ 


304^ 


20f 


10+^ 


I 


100%  Oa 


No'mol 


■ - I 203%  Oz 
^ 10%  02 


50  60  70  80  90  100 


%Hb02 


Figure  5.  Shows  results  of  experiments  on  eight  dogs  done  at  various 
simulated  altit\xie8  represented  by  the  pressvuTes.  Blood 
samples  were  dx'awn  siraultarjeously  from  carotid  and  jugular 
vessels  at  point  S3  (Fig.  l).  Duration  of  apnea  is  shown 
in  seconds,  axyhemoglobin  in  percent  saturation,  and  carbon 
dioxide  pressure  in  nira  Hg. 
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Figxire  6.  Shows  the  mean  oxygen  saturation  values  plotted 

against  carbon  dioxide  pressure  values  for  carotid 
and  jugular  blood.  Samples  were  taken  at  the  end 
of  apnea.  The  highest  oxygen  saturation  values 
were  obtained  foliowing  forced  ventilation  with 
2,00'/C  oxj'’gen. 


DISCUSSION 


These  experiments  show  that  when  forced  ventilation  is  maintained  in 
an  anaesthetized  animal  for  several  minutes  at  a rate  and  depth  of  breath- 
ing greatly  in  excess  of  norii3al»  a condition  of  apnea  ensues.  This  pause 
will  last  for  several  seconds  and  its  duration  depends  upon  several  lactors. 
These  results  seem  to  show  that  while  apnea  is  caused  primarily  ty  a lower- 
ing of  carbon  dioxide  tension,  its  duration  is  modified  by  oxygen  tensxon 
as  well. 

These  results  are  probably  applicable  to  some  of  the  problems  encount- 
erable  in  anaesthesiology  and  to  methods  employed  in  resuscitation,  ihey 
also  raise  the  qwstion  as  to  the  concentration  of  oxygen  which  should  be 
used  in  oxygen  therapy. 


Apnea  is  an  interesting  respiratory  phenomenon.  Breathing  is  some- 
wha*-  analogous  Ic  the  oscillacions  of  a balance  with  changing  weights  on 
each  oan.  In  apnea  much  of  the  weight  from  one  side  has  been  removed  so 
oscillations  stoo  and  the  balance  is  tipped  far  to  one  side.  VJhen  the  weight 
is  slowly  increased  it  reaches  a point  vdien  the  proper  balance  is  regained, 
and  if  the  weight  on  the  ether  pan  is  likewise  slowly  removed  as  the  -veight 
on  the  first  pan  is  increased,  balance  is  regained  sooner  and  finally  a 
little  later  the  original  state  is  restored.  The  restoration  of  breathing 
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froia  the  apneic  state  reouires  the  excitatory  action  of  both  carbon  diox- 
ide and  hypoxic  stimuli.  Apnea  is  a transitorjr  state  and  the  factors 
vhich  control  normal  respiration  are  driving  the  respii’story  mechanisms 
first  toward  lung  ventilation  and  finally  toward  eupneic  breathing. 


SUMMARY 


The  duration  of  apnea  subsequent  to  forced  ventilatioii  of  the  lungs 
in  anaesthetized  dogs  was  influenced  by  the  composition  of  the  ventilating 
gases.  Blood  analyses  showed  then  vAien  ox^/^gen  tensions  are  relatively 
lower,  e lo\/  carbon  dioxide  existed  at  the  resumption  of  breathing,  and 
when  oxygen  tensions  are  relatively  higher,  a high  carbon  dioxide  existed 
at  the  resumption  of  breathing.  These  results  show  that  hypoxic  and  car- 
bon dioxide  stimiili  are  additive  in  estaWishing  the  tnr^.-shold  for  the  on- 
set of  breathing.  Tliere  is  some  indication  of  a change  in  sensitivity  to 
carbon  dioxide  at  different  oxygen  tensions.  There  was  a decrease  in  the 
duration  of  apnea  in  anaesthetized  dogs  subjected  to  forced  ventilation  at 
various  simiolated  altitudes.  This  duration  was  directly  related  to  the 
change  in  the  pressure  of  ambient  air. 


WADC  TR  54-321 


10 


REFERENCES 


1.  CIray,  J.  S.  Pulmonary  Ventilation  and  It^  Fnysiological  Rsgxilation. 

Thomas,  Springfield,  III.  xii*82,  1950. 

2.  Douglas,  C.  G.  & J.  3.  Haldane  The  Causes  of  Periodic  or  Chevne-Stokes 

Breathing.  Journal  of  Physiology.  3£s4Cl,  1909 

3.  Haldane,  J.  S.  Resniratlon.  Yale  IMiversity  Press,  xviii  + 427,  1922. 

4.  Gesell,  ^^obert  A IfeurODhvsiological  Interpretation  of  the  Respiratory 

Act  Ergebnisse  der  Physiologie  Biologischen  Chemie  und 
Experins-ntellen  Pharmakolcgie . l-honchen,  1940. 

5.  Rahn,  H.  4 W.  0.  Fenn  The  Cbcygen-Carbon  Dioxide  Diagram.  WADC 

Technical  Report  53-255,  1953. 

6.  Rosenthal,  T.  B.  The  Effect  of  Temperature  on  the  oH  of  Blood  and 

Plasma  in  vitro.  Jour.  Biol.  Chem.  173:  25,  1948. 


WADC  TR  54-321 


11 


•st'TMwwr 


Rrmed  Services  leclinical  information  (jgeni 

Because  of  our  limited  supply,  you  are  requested  to  return  this  copy  WHEN  IT  HAS  SERVED 
YOUR  PURPOSE  so  that  it  may  be  made  available  to  other  requesters.  Your  cooperation 
will  be  appreciated. 


m 


NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
ARE  used  for  any  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCUFS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OrHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURES, 
USE  OR  SELL  ANY  PATENTED  DU/ENTION  THATTvIAY  IN  ANY  WAY  BE  RELATED  THERETO. 


Reproduced  by 

DOCUMENT  SERVICE  CENTER 

KNGTT  BUILDING,  DAYTON,  2.  OHIO 


